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Abstract
The thesis entitled "Synthesis of biologically active compounds and development of new methodologies" is divided into three chapters. CHAPTER I: This chapter is further divided into two sections. SECTION A: This section deals with the introduction, earlier synthetic approaches of (-)-Ebelactone A and a small review on desymmetrization. SECTION B: This section includes the stereoselective synthesis of C1-C6 and C7-C14 fragments of (-)-Ebelactone A. CHAPTER II: This chapter describes the synthesis of pyrano[2,3-b]-1-benzopyrans from glycals using Sc(OTf) 3 . CHAPTER III: This chapter describes the exploration of polymethylhydrosiloxane (PMHS) as a versatile reducing agent in organic synthesis. CHAPTER I: SECTION A: This section describes the b-lactones which are having enzymatic inhibitory activity and also describes the introduction and previous synthetic approaches of Ebelactones, having proven esterase inhibitor activity. Also a brief literature survey on "desymmetrization technique", a strategy used for introducing chirality into the target (-)-Ebelactone A is described. 
SECTION B: In 1980 Umezawa and co-workers first reported the isolation of (-) Ebelactone A 1, a b-lactone enzyme inhibitor from the cultured strain of soil actinomycetes (mG7-G1 related to streptomyces aburaviensis). The Ebelactones show structural characteristics in common with macrolide antibiotics and butyrate precursors indicate that they are like poly ketide in origin. The Ebelactones act as potent inhibitors of esterases, lipases and N-formylmethionine aminopeptidases located on the cellular membrane of the various kinds of animal cells and they have shown to produce enhance immune responses. They are also reported to inhibit cutinases produced by fungal pathogens. Due to its biological activity combined with unique and challenging structure have made this compound an exciting target for total synthesis. FIGURE1-FILENAME = c:/explo/images/a166_figureNO41.jpg" target="_blank"> Figure 
Some of the synthetic approaches for the synthesis of (-)-Ebelactone A have been disclosed in literature. As part of our program towards the synthesis of Ebelactone A, we chose to adopt a highly convergent strategy, disconnecting the carbon back bone at C6-7 trans alkene, thus dividing the target into two key fragments 2 and 3. The synthesis of fragments 2 and 3 were envisaged from common precursor lactone 4 which was generated from bicyclic ketone 5 (Scheme 1). Retrosynthetic strategy: FIGURE2-FILENAME = c:/explo/images/a166_figureNO42.jpg" target="_blank"> Figure 
Synthesis of lactone intermediate 4: The synthesis of lactone intermediate was achieved from bicyclic ketone, which was inturn synthesized from furan and 2,4-dibromo-3-pentanone. Accordingly, the acid catalysed dibromination of 3-pentanone 6 afforded the dibromo compound 7. The dibromo compound 7 when treated with furan in the presence of Zn-Cu couple underwent a (3+4) cycloaddition reaction to afford the compounds 8, 9 and 10 in the ratio 8:1:1. These bicyclic ketones on selective reduction with DIBAL-H gave the corresponding alcohols (Scheme 2). FIGURE3-FILENAME = c:/explo/images/a166_figureNO43.jpg" target="_blank"> Figure The required alcohol 11 was isolated from the other isomers using column chromatography and the structure was confirmed from spectral studies. The hydroxyl group of compound 11 was protected as its benzylether 12 using NaH and benzylbromide. Asymmetric hydroboration of olefin 12 using (-)-diisopinocampheylborane (Ipc 2 BH) proceeded smoothly to give the alcohol 13 with FIGURE4-FILENAME = c:/explo/images/a166_figureNO44.jpg" target="_blank"> Figure high enantiomeric purity. The alcohol 13 was converted to the lactone 4 by a two step sequence, PCC oxidation of alcohol 13 followed by Baeyer-Villiger oxidation of the resulting ketone 14 (Scheme 3). Thus the lactone compound 4 was employed as a common precursor for both the key fragments. Synthesis of C7-C14 fragment: The lactone intermediate contained three stereoselectively functionalized carbons to serve as the C8, C10 and C11 carbons of the (-)-Ebelactone A and further functionalisations were carried out on the compound 4 to give corresponding fragment 3. Accordingly, alkylation of the lactone 4 with methyl iodide and lithiumdiisopropylamide (LDA) in dry THF at -78 0 C furnished compound 15. Hydrolysis of the bicyclic lactone 15 with catalytic amount of sulphuric acid in methanol afforded acetal 16 along with a minor amount of the a-isomer (at C-1 center). The compound 16 was treated with LiAlH 4 in dry THF to give the alcohol 17. The alcohol 17 was converted to methylated product 19 by a two step sequence, tosylation of the alcohol 21 followed by alkylation with dimethyllithiumcuperate of the resulting tosylated compound 18 (Scheme 4). FIGURE5-FILENAME = c:/explo/images/a166_figureNO45.jpg" target="_blank"> Figure FIGURE6-FILENAME = c:/explo/images/a166_figureNO46.jpg" target="_blank"> Figure Hydrolysis of methyl acetal 19 in AcOH/water (2:1) at 50-55 0 C afforded the lactol 20 which was further subjected to reduction with sodium borohydride in methanol to give diol 21. The diol 22 was converted to alcohol 24 by a three step sequence, initially primary hydroxyl group of the compound 21 was selectively protected as its pivalate ester 22 and then secondary hydroxyl group of 22 protected as its triisopropyl silyl ether 23 followed by reduction with DIBAL-H to give alcohol 24 (Scheme 5). FIGURE7-FILENAME = c:/explo/images/a166_figureNO47.jpg" target="_blank"> Figure The hydroxyl group of 24 was converted to iodide 25 using I 2 , TPP and imidazole in acetonitrile:ether (1:3). Lastly the target was to synthesize the sulfone compound, therefore the iodo compound 25 was subjected to sulfonation using sodium salt of phenyl sulfinate in DMF to afford the sulfone compound 3. (Scheme 6). FIGURE8-FILENAME = c:/explo/images/a166_figureNO48.jpg" target="_blank"> Figure Synthesis of C1-C6 fragment: The synthesis of C1-C6 fragment 2 was started from lactone intermediate which is having three stereogenic functionalized carbons which serves as the C-2, C-3 and C-4 carbons of the (-)-Ebelactone-A. Accordingly, reductive opening of bicyclic lactone 4 with LiAlH 4 afforded the triol 26, which was further treated with 2,2-DMP and PTSA (cat.) to give acetonide compound 27 (Scheme 7). FIGURE9-FILENAME = c:/explo/images/a166_figureNO49.jpg" target="_blank"> Figure The hydroxyl group of compound 27 was protected as p-methoxybenzyl ether 30, followed by cleavage of the acetonide group in 28 using 2N HCl in THF/H 2 O (1:1) afforded 29. Selective protection of primary hydroxyl group was achieved in compound 29 as its tert-butyldiphenylsilyl ether with 1.1 eq. of TBDPSCl and imidazole to give 30 (Scheme 8). FIGURE10-FILENAME = c:/explo/images/a166_figureNO50.jpg" target="_blank"> Figure Next aim was deoxygenation of the hydroxyl group at C-5 carbon of compound 30, for that the secondary hydroxyl group of compound 30 was protected as xanthate FIGURE11-FILENAME = c:/explo/images/a166_figureNO51.jpg" target="_blank"> Figure derivative using NaH, CS 2 and MeI in dry THF to afford 31, followed by deoxygenation using n-Bu 3 SnH and cat. AIBN as a radical initiator in toluene to give deoxygenated product 32. Deprotection of TBDPS group in 32 with TBAF in THF afforded corresponding alcohol 33 (Scheme 9). The hydroxyl group of compound 33 was tosylated using tosylchloride, triethylamine and cat. amount of DMAP in DCM to afford 34, which was further brominated with LiBr in acetone under reflux conditions to get bromo compound 35. This on dehydrohalogenation using 2.5 eq. of K-OBu t in THF afforded olefin 36. Finally compound 36 was subjected to Wacker oxidation using catalytic amount of PdCl 2 and 1.0 eq. of CuCl in THF:H 2 O (1:1) under oxygen atmosphere to afford compound 2. Thus the C1-C6 fragment 2 and C7-C14 fragment 3 of (-)-Ebelactone A 1 was successfully synthesized (Scheme 10). FIGURE12-FILENAME = c:/explo/images/a166_figureNO52.jpg" target="_blank"> Figure CHAPTER II: This chapter describes the synthesis of pyrano[2,3-b]-1-benzopyrans from glycals using Sc(OTf) 3 . Fused tetrahydropyrano[2,3-b]benzopyran derivatives are frequently found in naturally occurring bioactive molecules and direct methods for their synthesis are needed. However, there are no reports on the synthesis of cis-fused pyranobenzopyrans from salicylaldehydes and D-glycal. Lanthanide triflates are unique Lewis acids that are currently of great research interest. They are quite stable to water and reusable as well as being highly efficient. Therefore, lanthanide triflates have significant catalytic activity compared to conventional Lewis acids in several carbon-carbon bond forming reactions. A new and efficient method for the synthesis of fused pyranobenzopyrans has been developed from o-hydroxy benzaldehydes and glycals using a catalytic amount of scandium triflate. Treatment of o-hydroxy benzaldehyde 39 with 3, 4, 6-tri-O-methyl-D-glucal 40 and trimethyl orthoformate (TMOF) in the presence of 3 mol% of Sc(OTf) 3 in dichloromethane at ambient temperature resulted in the formation of cis-fused pyrano[2,3-b]benzopyran 41 in 80% yield (Scheme 11). The results are listed in Table 1. FIGURE13-FILENAME = c:/explo/images/a166_figureNO53.jpg" target="_blank"> Figure CHAPTER III: This chapter describes the exploration of Polymethylhydrosiloxane (PMHS) as a versatile reducing agent in organic synthesis. Reduction provides an important method for functional group interconversion in organic synthesis. The development of cleaner and safe synthetic methods and technologies for reduction to meet ever-stricter environmental regulations remains an active area of organic chemical research. Introduction of amino group via reduction of azido, nitro, oxime and imine functionality is carried out rather routinely in organic synthesis. In a closely related field of protection of amines with appropriate protecting groups also plays an important role in multistep synthesis. N-tert-butoxycarbonyl (t-Boc) group is the most common amino protecting group used for the synthesis of amino acids, amino sugars, alkaloids and peptides. Polymethylhydrosiloxane (PMHS) is one such attractive reducing reagent for environmentally benign reductive processes because it is inexpensive, non-toxic, and stable to air and moisture. PMHS as such is inert to reactions, however in presence of an activator, PMHS becomes a powerful reagent for reduction of organic functional groups. This chapter describes transformation of a) azides to t-butylcarbamates b) benzylcarbamates to t-butylcarbamates c) oximes to t-butylcarbamates . 
a) Azides to t-butyl carbamates: A variety of reducing agents which are reported for the one pot conversion of azides to N-Boc compounds such as hydrogen in presence of Pd-C, Degussa 20% Pd(OH) 2, trimethylphospine, n-tributylphosphine, In/NH 4 Cl and LiAlH 4 have been developed from time to time. PMHS has been utilized for the first time as a hydride source for the reduction of azides to corresponding Boc-amino compounds in the presence of (Boc) 2 O using catalytic amount of Pd/C which is used as PMHS activator (Scheme 12). FIGURE15-FILENAME = c:/explo/images/a166_figureNO55.jpg" target="_blank"> Figure Aryl azides, aliphatic azides and a-hydroxyazides were subjected to present conditions to afford corresponding Boc protected amino compound in excellent yields. The results are listed in Table 2. 
b) Benzylcarbamates to t-butylcarbamates: N-Benzyloxy carbonyl and N-tert-butyl carbonyl (t-Boc) groups are the most common amino protecting groups because of these groups can be exchanged under neutral conditions, it would serve as useful tool from the synthetic point of view. Few of the reducing agents which were reported for one pot conversion of benzylcarbamates to t-butyl carbamates like hydrogen in the presence of Pd-C, Et 3 SiH/Pd(OAc) 2 and 1,4-cyclohexadiene/Pd-C using (Boc) 2 O. The one-pot conversion of benzylcarbamates to t-butylcabamates using PMHS, catalytic amount of Pd-C and (Boc) 2 O in ethanol has been developed (Scheme 13). Several examples have made were disclosed in Table 3. FIGURE16-FILENAME = c:/explo/images/a166_figureNO56.jpg" target="_blank"> Figure c) Oximes to t-butylcarbamates: Reduction of oximes to amines is an important transformation in organic synthesis. Due to the their importance, various reducing reagents were reported for this transformation. To date there is no report for direct conversion from oximes to Boc-protected amines. In continuation of our work on the application of polymethylhydorsiloxane (PMHS) as a versatile reagent for various transformations, we developed a novel methodology for the first time which involves the direct one-pot conversion of oximes to N-(tert-butyl carbonyl) amine derivatives mediated by PMHS (soluble hydride source), Pd-C and di-tert-butyldicarbonate (Scheme 14). All the examples studied are shown in Table 4. FIGURE17-FILENAME = c:/explo/images/a166_figureN057.jpg" target="_blank"> Figure FIGURE18-FILENAME = c:/explo/images/a166_figureN058.jpg" target="_blank"> Figure FIGURE19-FILENAME = c:/explo/images/a166_figureN059.jpg" target="_blank"> Figure FIGURE20-FILENAME = c:/explo/images/a166_figureN060.jpg" target="_blank"> Figure FIGURE21-FILENAME = c:/explo/images/a166_figureN061.jpg" target="_blank"> Figure 


